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This study assessed the removal of As(V) in aqueous solution at low
concentrations using rice straw-derived-biochar. Biochar was produced
from rice straw at 450°C in 2 hours, then modified with acid. The
product was characterized and used for adsorption experiments in order
to evaluate the influencing factors and Kkinetics of the adsorption
process for As(V). The results showed that acid-modified rice straw-
derived-biochar had good adsorption capacity in the pH range of 4 - 8.
The adsorption process reached equilibrium after 24 hours. The
pseudo-first-order kinetic model and the Freundlich isotherm
adsorption model were suitable to describe the adsorption process of
the biochar for As(V). The adsorption capacity at equilibrium achieved
from the pseudo-first-order kinetic model was 0.050 mg/g at pH 3 and
0.033 mg/g at pH 7. The adsorption of As(V) was significantly affected
by the presence of nitrate ions in agueous solutions.
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Xir Iy nuéc

Nghién ctru nay danh gia kha ning xir Iy As(V) trong nuéc ¢ nong do
thap st dung than sinh hoc diéu ché tir rom ra. Than sinh hoc dugc diéu
ché ¢ 450°C trong 2 gio va bién tinh véi acid. San pham than sinh hoc
dugc danh gia dac tinh va sir dung cho cac thi nghiém hip phu nhim
danh gia cac yéu té anh huong dén qua trinh hap phu, dong thoi khao
sat dong hoc qué trinh hip phu As(V). Két qua cho thiy than sinh hoc
rom ra bién tinh acid c6 kha ning hip phu tét trong khoang pH 4 — 8.
Qua trinh hap phu dat can bang sau 24 gio. M6 hinh dong hoc biéu kién
bac 1 va mo hinh hap phu ding nhiét Freundlich pht hop dé moé ta qua
trinh hap phu cua than sinh hoc ddi véi As(V). Dung lugng hap phu &
thoi diém cén bang tinh toan theo mé hinh dong hoc biéu kién bac 1 1a
0,050 mg/g & pH 3 va 0,033 mg/g & pH 7. Qua trinh hap phy As(V) bi
anh huong dang ké boi ion nitrate cliing t6n tai trong dung dich.
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1. Gigi thigu

Hién nay, 6 nhiém asen (As) trong méi truong nude da thu hit sy cha y toan cau do sy phong
pha va ton tai 1au dai cua nd ciing nhu tic dong tidu cuc dén sic khoe con ngudi khi bi phoi
nhiém. O Viét Nam, tai khu vye céc tinh phia Bic thudc dong bang song Hong nhu Ha Noi, Vinh
Phiic, Nam Dinh,... ndng d6 As dugc phat hién trén ngudng cho phép Ltrong nudcC cap sinh hoat
(50 pg/L), va co vi tr1 1én dén 800 pg/L [1]. Nong d6 As trong nudc ngam 1én dén 1.000 pg/L tai
nhiéu khu vuc nong thon dong bang song Ciru Long nhu huyén An Pha, Phii Tan va Thoai Son
tinh An Giang, cao gap 100 lan so v&i giGi han As cuc dai cho phép [2].

Xu ly As bang phuong phéap hap phuy sir dung than sinh hoc tu sinh khéi dang thu hiit sy quan
tam vi tinh kinh té, nguyén liéu phong phu va c6 san, than thién véi moi truong va hiéu qua xu ly
t6t [3]. Tai cac quoc gia san Xuit lua gao, sinh khdi rom ra thuong duoc dét bo tai Cho gy 0
nhiém moi truong khong khi va cac van dé stic khoe lién quan [4]. Trong khi day 1a ngudn sinh
khéi hiru ich néu biét tan dung tao thanh than sinh hoc.

Céc nghién ctu hap phy trude ddy chu yéu thuc hién véi cac nong do As(V) kha cao, dao
dong tir 1 - 250 mg/L [5] — [7]. Trong khi d6, khoang ndng do As(V) xuit hién trong ty nhién lai
dao dong trong khoang tir 5 — 115 pg/L [8], hodc nhu trudng hop cua Viét Nam ké trén. Xuat
phat tir thyuc té trén, nghién ciru nay dwoc thuc hién nham danh gia cac yéu té anh huong va khao
sat dong hoc qua trinh hap phu cua than sinh hoc diéu ché tir rom ra ddi véi As(V) trong dung
dich ndng do thap.

2. Nguyén li¢u va phwong phap nghién ciru
2.1. Diéu ché than sinh hgc

Rom ra lay & tinh Tién Giang, dugc cit thanh nhitng mau nho c¢6 kich thuéc khoang 4 - 5 cm,
ra sach lai véi nuéce khir khoang va phoi kho tu nhién. Nguyén liéu duoc cho vao niéu dit co
nip day va boc trong gidy bac dé dam bao kin, nhiét phan ¢ nhiét d6 450°C trong 2 gio [7] bang
tu nung Nabertherm - Buc. Than sinh hoc (TSH) thu duoc tir qué trinh nhiét phan duoc giam
nhi¢t do trong tu Say, lay ra va lam ngudi trong binh ht 4m, sau do6 cho qua ray dé loai bo tro néu
co va nghlen min bang cbi da. Than sinh hoc min dwoc rira lai bang nude khir khoang dé loai bo
chat ban, siy kho va lam ngudi theo quy trinh néu trén, sau dé duoc trir trong lo thay tinh dé sir
dung cho céc thi nghiém tiép theo. Than sinh hoc thd duoc ky hiéu 1a RB.

2.2. Bién tinh than sinh hoc

Rom ra chira ham luong kim loai kiém va silic cao [4], gdy nén tinh kiém cua TSH, do d6
TSH RB duoc xir Iy bé mat bang dung dich acid. 5g TSH RB dugc ngam trong 200 mL dung
dich acid HCI 0,1M trong 24 gi¢ va khudy déu bang may khudy tir [9]. Than sinh hoc duoc thu
hoi bang thiét bi loc chan khong va rira v6i nudc khir khoang dén khi pH 6n dinh (5,7 — 5,8), sau
d6 sdy kho va 1am ngudi. Than sinh hoc bién tinh acid duoc ky hiéu 1a RBA.

2.3. Ddc tinh than sinh hoc

Thanh phan tuong d6i gom d6 a4m, ham luong chat bay hoi, d6 tro va ham luong carbon ¢
dinh ctia TSH RB dugc xac dinh theo phuong phép trong luc [10]. Thanh phan tuyét d6i ciia TSH
RB va RBA gom C, H, O, N, Ca, Mg, As duoc phén tich theo phuong phap cua The International
Biochar Initiative [11]. Dién tich bé mit riéng cta hai loai TSH dugc xac dinh bang phwong phép
do BET trén thiét bi Quantachrome NovaWin. Gia tri pH cua dung dich loc TSH RB va RBA
dugc xac dinh theo The International Biochar Initiative [11]. Piém dién tich khong pHp cua
TSH duogc xac dinh bang phuong phap ciia Milonji¢ va cong su [12]. Hinh thai bé mat TSH duoc
phan tich bang kinh hién vi dién tir quét phat xa truong (JSM-7800 Schottky FESEM, JEOL,
USA).

http://jst.tnu.edu.vn 167 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 228(10): 166 - 174

2.4. Thi nghi¢m hép phu
2.4.1. M6 hinh tong qudt

Mo hinh thi nghiém dang mé dugc thyc hién ¢ nhiét 4o phong (~25°C), sir dung erlen 250 mL
chtra 100 mL dung dich As(V) va 0,5 g TSH RBA, twong wng 5 g TSH/L mau dung dich (mau bi
hip phu [13]. Dung dich As(V) duoc pha ché tir Na,HAsO, khan (Alpha Chemika); dung dich
HCI1 0,1M va NaOH IM (Merck) duoc st dung dé hiéu chinh pH mau. Tc d6 lic mau 1a 200
vong/phut véi may lic SK-0330-Pro. Sau thoi gian hap phy, mau dugc loc bang bo loc chan
khong vai gidy loc Whatman 0,45 pm dé loai bo TSH, do pH va phan tich ham lwong As(V). Cac
thi nghiém déu 13p lai 3 1an. Gi4 tri pH caa dung dich sau loc dugc do bang may HQ11D HACH,
M$. Nong do As(V) trong dung dich duoc xac dinh bang phuong phap EPA 3051A, SMEWW
3114C (2012) va SMEWW 3120B (2012).

2.4.2. Khdo sat anh huong cua pH (Thi nghiém 1)

Nong d6 dung dich As(V) chon nghién ctru la noéng do thap, 1 mg/L. Thi nghiém gdm 9
nghiém thue, trong d6 pH cua mau dugc diéu chinh trong day gia tri: 3, 4, 5,6,7,8,9,10vall.
Sau thoi gian hap phu 13 24 gio, loc miu va phan tich chi tiéu pH va As tong cua cac dung dich
thu duoc.

2.4.3. Khdo sat anh hwéng cia thoi gian hdp phu (Thi nghiém 2)

Thi nghiém nay khao sat qua trinh héip phu As(V) cua TSH RBA sau 1; 4; 8; 12; 24; 36; 48;
60; 72 gio (téng cong 9 nghiém thirc) [13]. pH miu duoc diéu chinh dén gia tri pH t6i wu thu
dugc tir thi nghiém 1 (pH 3 va 7). Nong d6 dung dich As(V), ty 1é TSH/dung tich miu va cac
diéu kién thi nghiém khac nhu da néu trén. M6 hinh biéu kién bac mot va bac hai dwoc st dung
dé khao sat dong hoc qué trinh hap phu.

Phuong trinh biéu kién bac 1:

o In(ge — q¢) = In(qe) — kqt (1)

Phuong trinh biéu kién bac 2:

1 + lt 2
q k20 Qe

Trong do, k, (0’ ') 14 hang s6 toc do cna qua trinh hap phu bac 1; k, (¢/ng.h) la hang sb téc do
clia qua trinh hap phu bac 2; ge (ng/g) 13 kha ning hap phu tai thoi diém can bang; va q; (ng/g) 1a
kha nang hap phu tai thoi diém t.

2.4.4. Khdo sat anh hwéng ciia nong dé dung dich hap phu (Thi nghiém 3)

Thi nghiém gdom 6 nghiém thirc véi cac ndng do dung dich hip phu dugc st dung 14 0,05; 0,1;
0,5; 1; 5; va 10 mg/L. pH miu duoc didu chinh dén gia tri pH 3 va 7. Thoi gian khao sat 13 thoi
gian qua trinh hap phu dat can bang tir Thi nghiém 2 (24 gid). M6 hinh Langmuir va Freundlich
dugc sir dung dé khao sat dong hoc dang nhiét ctia qua trinh hap phu As(V).

Phuong trinh Langmuir:

Ce ( 1 )C 4 1 3)
Qe Qmax ¢ QmaxKL
Phuong trinh Freundlich:
1
In(qe) = In(Kp) +—In(C,) (4)

Trong do, q. (mg/g) la dung luong hap phu; C (mg/L) 1a ndng do dung dich hap phu; Qmax
(mg/g) la dung lugng hip phu t6i da cua chat hip phu; KL (L/mg) 1a hang s6 hap phu Langmuir;
Kr (L/g) 14 hiang s6 hap phu Freundlich; n 1a cuong do hap phu.
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2.4.5. Khdo sat anh hudng cua ion nitrate (Thi nghiém 4)

Thi nghiém gém 6 nghiém thirc, cac mau dung dich chira ndng d6 As(V) 1 mg/L va NO3 dao
dong tir 22 dén 505 mg/L, duoc diéu chinh vé pH 3. Mau chira NO3 duoc pha tir NaNO3 khan
(ThermoFisher). Nong d6 NO3 sir dung lam nén miu tuong Gng voi ndng d6 NO3 trong nudc
ngam Viét Nam. Thoi gian khao sat qua trinh hap phu 1a 24 gio. Ty Ié TSH/dung tich mau va cac
diéu kién thi nghiém khac nhu da néu trén.

2.5. Cong thirc tinh todn

Hiéu suét diéu ché TSH, luong As(V) hép phu trén trong lugng TSH va hiéu qua loai bo
As(V) dugec tinh theo cdc cong thuc sau.
Hiéu suat diéu ché TSH:

my
R(%) = — x 100 )
r mo
Kha nang hap phu:
C, —Co) XV
qe(ng/g) = Lo Ce) xV m‘*) x 1000 (6)
Hiéu qua hap phu:
Co — Ce
H(%) = — =2 %100 (7

Trong d6, R (%) 1a hiéu suit diéu ché than; Mo va my (g) an luot 1a khéi lwong nguyén lidu
ban dau va khéi lugng TSH thu dugc sau qua trinh nhiét phan va loai bo tro (néu c0); qe (ng/g) 1a
kha nang hap phu As(V); H (%) 1a hiéu qua xur ly As(V); Co va Ce (Mg/L) lan luot 1a ndng do
As(V) ban dau va ndng do As(V) trong dung dich sau qua trinh héap phu; m (g) 1a khdi lwong cua
chat hap phy; va V (L) 1a thé tich dung dich chat bj hip phu.

3. Két qua va thao luan
3.1. Tinh chit héa Iy ciia than sinh hec
3.1.1. Thanh phan than sinh hoc

Than sinh hoc sau qua trinh nhiét phan rom ra & 450°C ¢6 1an mot it tro. Sau khi loai bo tro
bang rdy c6 dudng kinh 15 ray 0,5 — 1,4 mm, hiéu suat diéu ché TSH tir rom ra (RB) dugc xac
dinh khoang 18,1%. Két qua phén tich thanh phan twong déi cho thay ham lwong C ¢6 dinh cua
TSH RB (68.,27%) cao hon két qua cong bd cua Abbas va cong su [14] (42,3%) ddi véi cung loai
TSH diéu ché & diéu kién tuong tu (450°C trong 2 gio). Tuy nhién, ham lugng chét bay hoi va
ham luong tro cia TSH RB thap hon nghién ctru ciia Abbas va cong su [14] véi cac gié tri tuong
g lan luot 1a 20,1 < 24% va 4,78 < 22,5%.

Than sinh hoc RB ¢6 thanh phan tuyét déi cua C, H, O, N, Ca va Mg lan luot 1a 18,80%,
0,84%, 46,83%, 1,00%, 1 9%, va 0,9%. Than sinh hoc RBA ¢6 cac thanh phén O (25,49%), Ca
(0,7%) va Mg (0,6%) giam, ddng thoi H (1,46%) tang do sy hoa tan kim loai kiém va proton hoa
cac goc -COO" va -O" [15]. Asen khong dugc phat hién ¢ tat c4 cac mau TSH.

Theo tinh toan tir két qua phan tich thanh phan nguyén td, ty ¢ H/C, O/C va N/C ciia TSH RB
lan luot 1 0,54; 1,87; va 0,05, trong d6 ty 16 H/C kha hop 1y khi so sanh voi két qua cia Wu va
cong su [16]. Ty 1é H/C va O/C cho thidy TSH RB c¢6 mét do vong thom thip va chira nhidu cac
nhém chirc bé mat C=0 va C-H hon, cdc nhém nay lam tang kha niang hip phu cac chat 6 nhiém
[17]. Than sinh hoc RBA c¢6 ty 1& H/C cao hon (1,07) va O/C thap hon (1,17) TSH RB do ham
lwong O giam sau qué trinh bién tinh bang acid; tuy nhién hai ty 1 nay van kha cao so vdi cac
loai TSH diéu ché & nhiét do cao. Ty 1& N/C cua hai loai TSH & nghién ciru nay lai kha twong
dong va nam trong khoang di duoc cong bd trude do [13], [18].
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3.1.2. Dién tich bé mdt riéng va thé tich 16 rong

Dién tich bé mat riéng va thé tich 18 réng 1a mot trong cac yéu té anh huong dén hiéu qua hap
phu chit 6 nhidm. Than sinh hoc RB c6 dién tich bé mat riéng 16n (212,392 m%g), gip khoang
3,5 - 10 lan so vai nhitng cong b cua Jindo va cong su [18] va Shen va cong sy [13] vé TSH tur
rom ra, va c6 thé tich 16 rong 1a 0,108 cm®g. Than sinh hoc sau qua trinh bién tinh véi acid c6
dién tich bé mit riéng cai thién tét hon, dat 296,926 m?/g va thé tich 16 rdng 12 0,110 cm*/g.

3.1.3. pH va pHpy,.

Gié tri pH trung binh cia TSH RB 1a 10,63 cho thdy TSH mang ban chat kiém, twong dong
v6i gia tri pH cua TSH rom ra diéu ché ¢ dicu kién tuong ty [16]. Than sinh hoc RBA c¢6 gia tri
pH 14 5,77 thé hién ban chat acid. Gia tri PHpzc cua TSH RB (9,00) va RBA (4,80) déu nho hon
gia tri pH cuia loai TSH twong tng cho thay be mit ca hai loai TSH déu mang dién tich 4m.

3.1.4. Hinh thdi hoc bé mdt

Dic tinh hinh thai hoc bé mat cua than sinh hoc RB va RBA dugc thé hién qua két qua hinh
anh thu duoc tir ky thuat chup SEM ¢ cac d6 phong dai khac nhau. Két qua trinh bay trong Hinh
1la-c cho thdy, than RB c¢6 hinh dang tirng manh nho, kich thudc khong déu nhau, xép xen Ian
nhau, bé mat than nhin va c6 nhiing vun than nho va c6 rat it 16 rdng. Trong khi d6, mac du hinh
dang ciia than RBA (Hinh 1d-f) khong c6 gi khac biét so véi than RB nhung bé mat than sach
hon va trén bé mit than c6 xuat hién thém cac 16 rdng méi. Diéu nay 1a do trong qua trinh khudy
déu than trong dung dich axit, céc khi sinh ra trong qua trinh nhiét phan chiém day trong 15 réng
cua than dugc thoat ra, de |0 cac 16 rong moi hon so voi than ban dau

Hinh 1. Hinh anh chup SEM cua than sinh hoc diéu ché tir rom ra & cdc @é phéng dai khéc nhau:
(a-c) than RB, (d-f) than RBA

3.2. Anh hwéng ciia pH

Két qua thi nghiém cho thiy TSH RBA dat dung luong hip phu cao nhét 1a 86 pg/g, twong
rng véi hiéu qua hap phu 57% tai pH 4, trong khi d6 tai pH 3 dung lugng va hiéu qua hap phu
thip hon (Hinh 2a). Diéu niy c6 thé giai thich 1a As(V) chua phén li hoan toan tai pH 3 nhung
phan ly gin nhu hoan toan thanh anion H,AsO; tai pH 4. Bdng thoi trong dung dich khao sat c¢6
pH 4, TSH RBA (pHpZC 4,80) c6 bé mit tich dién duong thu hut cac anion As(V). Dung luong va
hiéu qua hap phu giam va 6n dinh trong khoang pH 5 — 8 va giam dan nhiéu hon & pH 9 — 11.
Két qua kha phu hop véi nghién ciu ciia Nguyén Thi Hanh va cong su [19] ciing nhu Nguyen
Thi Nham va cong su [20] voi hieu qua xu 1y As(V) giam dan khi pH dung dich thay ddi tur 2 dén
8. Nhim bam sat thyc té trong qua trinh xur 1y nude la tiét kiém t6i da hoa chit diéu chinh pH
cling nhu so sanh voi cac két qua nghién ctru trude, pH 3 va 7 duoc lya chon lam gi tri pH kiém
soét cac thi nghiém tiép theo.
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3.3. Anh huéng ciia théi gian

Qua trinh hip phu As(V) ciia TSH RBA xay ra ¢ ca hai gia tri pH khao sat (pH 3 va 7) ¢6 xu
hudng twong duong nhau (Hinh 2b). Két qua khao sat cho thay toc do hap phu ting nhanh chong
trong 12 gi dau, sau do dao dong trong khoang 15 — 22% tir 24 gidr dén 72 gio. Co thé nhan thay
¢ ca hai gia tri pH, qua trinh hap phu dién ra theo hai giai doan. Giai doan dau, qua trinh hap phu
xay ra rat nhanh trong 8 gio dau, sau do tiép tuc dén 12 gio, sau d6 ting nhanh va tién dén can
bang sau 24 gio v6i dung lugng hap phu dat 0,051 mg/g ¢ pH 3 va 0,034 mg/g 6 pH 7. Két qua
nay tuong dong voi _nghién ctu cua Agrafioti va cong su [21], qua trinh hap phu ciing dién ra
theo hai giai doan: téc d6 hap phu xay ra nhanh trong 12 gio dau va dat cin bang sau 24 gio. Nhu
vay, thoi gian 24 gio dugc chon dé thuc hién cho céac thi nghiém tiép theo.

3.4. Anh hwong ciia nong dp

Nong d6 dung dich ciing 1a mt trong nhitng yéu tb quan trong trong qua trinh hép phu. Dung
luong hap phu As(V) ciia TSH RBA ting tuong tng véi ndng d6 dung dich hap phu & ca hai pH
khao sat, dat gia tri 303 pg/g va 107 pg/g twong ung tai pH 3 va 7 (Hinh 2c). Dong thoi, két qua
khao sat cling cho thdy pH cua dung dich tac dong khong déng ke d6i voi qua trinh hap phu ¢
khoang nong do tr 0,05 — 0,1 mg/L, nhung tic dong rd rét & nong d6 10 mg/L. Cu thé, dung
lugng hip phu cao xap xi 300% tai pH 3 so véi pH 7.

0,080 100 0,400

0,100 100
0070 |—®—depH3 —=—qepH7 pH=3
0,080 | 80 o060 | A MPH3  ——e—HpHT 80 0,300
® B 0,050 =
% 0,060 | 60 ® Ol
£ | E o040 X go200
- | =\ 3 40 T | =
g 0040 [ a0 | @ 0030 Pt
0,020 20 0,100
0,020 20 0010
0,000 o 0,000 0 0,000
(a) 3 4 5 6 7 8 9 1011 (b) 0 1 4 8 122436486072 © 005 01 05 1 5 10
a pH t(h) ¢ Co (mg/L)

Hinh 2. Két qua cdc thi nghiém hdp phu As(V): ‘
(a) anh huong cua pH, (b) dnh huong cua thoi gian va (c) dnh hwong cua nong do

3.5. Péng hoc qud trinh hdp phu

Phan tich hdi quy In(ge-gy) va 1/q; véi t cho thiy két qua thi nghiém twong thich v6i mé hinh
dong hoc biéu kién bac 2 (pH 3: R? = 0,9940; pH 7: R? = 0,9979) hon so véi bac 1 (pH 3: R? =
0,8372; pH 7: R* = 0,8271) (xem Bang 1, Hinh 3). Tuy nhién, g tinh toan theo md hinh dong hoc
biéu kién bac 2 14 0,013 mg/g (pH 3) va 0,008 mg/g (pH 7) chénh 1éch 16n so vai gia tri thuc
nghiém 1a 0,051 mg/g (pH 3) va 0,034 mg/g (pH 7) (Hinh 2b). Do d0, giai thich qué trinh hip
phu ciia TSH RBA d6i véi As(V) bai mé hinh dong hoc biéu kién bac 1 s& phit hop hon.

Phan tich hdi quy C, va Ce/ge ddi V6i mo hinh Langmuir va hoi quy In(ge) va In(Ce) ddi véi
md hinh Freundlich dugc cac duong diang nhiét hap phu cua As(V) ddi véi TSH RBA tai pH 3 va
7 (xem Hinh 4). M6 hinh Freundlich & pH 3 va 7 cho hé s6 tuong quan R? kha cao lan luot 1a
0,9469 va 0,9931 (xem Bang 1), thé hién sy pht hop ban chat vat liéu hdp phu theo mé hinh nay.
Hang s6 n d6i véi duong dang nhiét Freundlich do cudng do trao doi hodc do khong dong nhat bé
mit va ciing chi ra mirc do dé& hap phu khi n > 1 [22]. Két qua tinh toan gia tri n theo mo hinh
Freundlich ddi voi TSH RBA tai pH 3 va 7 lan lugt 1a 1,02 va 1,30. Ca hai gia tri n déu Ién hon
1, diéu nay cho thdy kha ning qua trinh hap phu vat ly da xay ra néu giai thich bang mé hinh
Freundlich.

Qué trinh hap phu cia TSH RBA dbi véi AS(V) cling cho thay kha néng phu hop v6i mé hinh
Langmuir tai pH 7 (R2 = 0,8885). Két qua thé hién cac vi tri hap phu trén bé mat chat hap phu c6
ning luong dong nhat va khéng c6 twong tac gilta cac chat hap phu tai thanh don I6p cua chat
hip phu. Tuy nhién, gi4 tri am cua K, goi y rang mo hinh Langmuir khong du dé giai thich qué
trinh hap phu ciia TSH RBA tai pH 7 [23]. Hé s6 R = 1,681 dugc tinh tir cong thuc R =
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1/(1+K_.C,) cho thdy qué trinh hip phu cia As(V) trén bé mat TSH RBA khong thuan loi; hap
phu thuan lgi trong khoang 0 < R; < 1. Mat khac, md hinh Langmuir khong phu hop tai pH 3 véi
R? = 0,0945.

Bang 1. Théong sé dong hoc hdp phu As(V)

Pong hoc biéu kién ~ Pong hoc biéu kien M4 hinh dang nhiét M4 hinh diang nhiét

bac 1 bac 2 Langmuir Freundlich
TSH
Qe kll R Qe ko R? KL Qmax g2 K n R
__(mg/g) (h7) (mg/g) (g/mg.h) (L/mg) (mg/g) (L/mg)

RE:;&' 0,050 0,313 0,8372 0,013 81,184 0,9940 0,14 0,32 0,0945 0,002 1,02 0,9469
RE’:;@“ 0,033 0,298 0,8271 0,008 116,806 0,9979 -4,13 0,05 0,8885 0,003 1,30 0,9931
0 o?JHzel,-p::7 gt . ¢pH =3 mpH =7 wo epH=3 mpH=7 2 *° }-pZ'_'.i;.Or;S:-;J.l 1,5 2,3
?':2 5500 g 50 g s
i—'f.a N N / g * g-«:,o
(af (b)° (a)° 01 04 o9 a5 102 (BF°

[
IN
©
-
N
N
&

t(h) t(h) Ce (mg/L) In(Ce) (mg/L)
Hinh 3. Pong hoc biéu kién (a) bdc 1, (b) bac 2 Hinh 4. Puong dang nhiét (a)Langmuir, (b)Freundlich
3.6. Anh hwéng ciia ion nitrate

Kha ning hap phu As(V) cia TSH RBA trong dung dich As(V) chia NO3 (0,008 — 0,013
mg/g) twong d6i thip hon so véi dung dich As(V) don chat (0,051 mg/g) & cung diéu kién thi
nghiém véi kha nang hap phu giam déng ké tir 75 — 83% (xem Hinh 5). C6 thé nhan thay, viéc co
mit ctia ion NO3 trong dung As(V) gdy can trg qua trinh hap phu As(V) 1én bé mat than sinh hoc
rom ra. Nghién citu cua Liu va cong su [3] ghi nhan sy c6 mit ctia ion NO3 va P03~ gay ra su
giam hap phu As(V) 16n, duoc giai thich do su canh tranh manh mé giira ion NO3 va P03~ Vi
As(V) 1én cac vi tri cia chat hdp phu. Tur két qua trén, co thé két luan can c6 tién xu 1y trude khi
hip phu dé giam ndng do NO3 gay bét loi dbi v6i qua trinh hdp phu As(V) trong nuéc.

0,080 100

0,070
—_ 0,060 8 3
%ﬁ 0,050 . P @ o o 60 s
tZle w999 7
B0

= n m m mm

0,000 0

22 87 219 331 444 505
Néng d§ NO," (mg/L)
Mau As(V) khéng chira Nitrate s M3u As(V) chira Nitrate

Hinh 5. Anh hieong ion NO3 ciing ton tai dén kha nang hdp phu As(V)
4. Két luan

Than sinh hoc diéu ché tir rom ra (450°C, 2 gio) bién tinh acid c6 kha nang hap phu As(V)
trong dung dich va dat hiéu qua hap phu tai pH 4 — 8 tot hon so véi tai céc gid tri pH khac. Qué
trinh hap phu As(V) cia TSH RBA dat can bang sau 24 gio, phu hop véi dong hoc biéu kién bac
1 va c6 thé giai thich tuong ddi t6t boi mé hinh hap phu dang nhiét Freundlich cho ca hai gia tri
pH khao st (3 va 7). Dung luong hap phu ¢ thoi diém can bang tinh toan theo mé hinh dong hoc
biéu kién bac 1 14 0,050 mg/g & pH 3 va 0,033 mg/g & pH 7. Kha ning hip phu As(V) giam dang
ké khi ion nitrate cing ton tai trong dung dich.

http://jst.tnu.edu.vn 172 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 228(10): 166 - 174

Loi cam on

~ Cong trinh nay duoc tai trg boi ngudn kinh phi tir Truong Pai hoc Vin Lang theo Quyét dinh
sO 1145/Qb-bDHVL ngay 24/12/2019.

TAI LIEU THAM KHAO/ REFERENCES

[1] L. H. E. Winkel, T. K. L. Pham, L. V. Mali, C. Stengel, M. Amini, T. H. Nguyen, H. V. Pham, and M.
Berg, "Arsenic pollution of groundwater in Vietnam exacerbated by deep aquifer exploitation for more
than a century,”" Proceedings of the National Academy of Sciences, vol. 108, no. 4, pp. 1246-1251,
2011, doi: doi:10.1073/pnas.1011915108.

[2] N. C. Dang, M. N. Dang, and Q. H. Nguyen, "Investigating arsenicosis cases in An Giang province,"
Journal of Medicine - Ho Chi Minh City, vol. 14, no. 2, pp. 140-146, 2010.

[3] S. Liu, B. Huang, L. Chai, Y. Liu, G. Zeng, X. Wang, W. Zeng, M. Shang, J. Deng, and Z. Zhou,
"Enhancement of As(v) adsorption from aqueous solution by a magnetic chitosan/biochar composite,"
RSC Advances, vol. 7, no. 18, pp. 10891-10900, 2017, doi: 10.1039/C6RA27341F.

[4] G. Singh and S. K. Arya, "A review on management of rice straw by use of cleaner technologies:
Abundant opportunities and expectations for Indian farming," J. Clean Prod., vol. 291, 2021, Art. no.
125278, doi: 10.1016/j.jclepro.2020.125278.

[5] T. H. T. Tran, "Research on active biochars as materials for the treatment of some toxicizes in the ion
format in water,” (in Vietnamese), PhD thesis, Academy of Science and Technology, Hanoi, 2020.

[6] I. W. K. Ouédraogo, E. Pehlivan, H. T. Tran, Y. L. Bonzi-Coulibaly, D. Zachmann, and M. Bahadir,
"Synthesis of iron oxyhydroxide-coated rice straw (IOC-RS) and its application in arsenic(V) removal
from water,” J. Water Health, vol. 13, no. 3, pp. 726-736, 2015, doi: 10.2166/wh.2015.242.

[7]1 M. S. Sattar, M. B. Shakoor, S. Ali, M. Rizwan, N. K. Niazi, and A. Jilani, "Comparative efficiency of
peanut shell and peanut shell biochar for removal of arsenic from water," Environ. Sci. Pollut. Res.,
vol. 26, no. 18, pp. 18624-18635, 2019, doi: 10.1007/s11356-019-05185-z.

[8] T. T. Mai, "Study on physicochemical characteristics of groundwater at two sides cut belongs to phuc
tho district, south of red river — Hanoi (in Vietnamese)," Master of Science, University of Natural
Sciences - Hanoi National University, Hanoi, 2015.

[9] Y.-K. Choi and E. Kan, "Effects of pyrolysis temperature on the physicochemical properties of alfalfa-
derived biochar for the adsorption of bisphenol A and sulfamethoxazole in water,” Chemosphere, vol.
218, pp. 741-748, 2019, doi: 10.1016/j.chemosphere.2018.11.151.

[10]M. Ahmad, S. S. Lee, X. Dou, D. Mohan, J. Sung, J. E. Yang, and Y. S. Ok, "Effects of pyrolysis
temperature on soybean stover- and peanut shell-derived biochar properties and TCE adsorption in
water," Bioresour. Technol., vol. 118, pp. 536-544, 2012, doi: 10.1016/j.biortech.2012.05.042.

[11]The International Biochar Initiative, “Standardized product definition and product testing guidelines
for Dbiochar that is wused in soil,” 2015. [Online]. Available: http://www.biochar-
international.org/characterizationstandard. [Accessed May 23, 2020].

[12]S. Milonji¢, M. Kope¢ni, and Z. Ili¢, "The point of zero charge and adsorption properties of natural
magnetite," J. Radioanal. Nucl. Chem., vol. 78, no. 1, pp. 15-24, 1983, doi: 10.1007/bf02519745.

[13]Z. Shen, D. Hou, F. Jin, J. Shi, X. Fan, D. C. W. Tsang, and D. S. Alessi, "Effect of production
temperature on lead removal mechanisms by rice straw biochars,” Sci. Total Environ., vol. 655, pp.
751-758, 2019, doi: 10.1016/j.scitotenv.2018.11.282.

[14]T. Abbas, M. Rizwan, S. Ali, M. Zia-ur-Rehman, Q. M. Farooq, F. Abbas, F. Hannan, J. Rinklebe, and
Y. S. Yong, "Effect of biochar on cadmium bioavailability and uptake in wheat (Triticum aestivum L.)
grown in a soil with aged contamination,” Ecotoxicol. Environ. Saf., vol. 140, pp. 37-47, 2017, doi:
10.1016/j.ecoenv.2017.02.028.

[15]J. Zhou, H. Chen, R. W. Thring, and J. M. Arocena, "Chemical pretreatment of rice straw biochar:
Effect on biochar properties and hexavalent chromium adsorption,” International Journal of
Environmental Research, vol. 13, no. 1, pp. 91-105, 2019, doi: 10.1007/s41742-018-0156-1.

[16]W. Wu, M. Yang, Q. Feng, K. McGrouther, H. Wang, H. Lu, and Y. Chen, "Chemical characterization
of rice straw-derived biochar for soil amendment,” Biomass Bioenergy, vol. 47, pp. 268-276, 2012,
doi: 10.1016/j.biombioe.2012.09.034.

http://jst.tnu.edu.vn 173 Email: jst@tnu.edu.vn


http://www.biochar-international.org/characterizationstandard
http://www.biochar-international.org/characterizationstandard

TNU Journal of Science and Technology 228(10): 166 - 174

[17]B. Glaser, J. Lehmann, and W. Zech, "Ameliorating physical and chemical properties of highly
weathered soils in the tropics with charcoal - A review," Biol. Fertility Soils, vol. 35, no. 4, pp. 219-
230, 2002, doi: 10.1007/s00374-002-0466-4.

[18]K. Jindo, H. Mizumoto, Y. Sawada, M. A. Sanchez-Monedero, and T. Sonoki, "Physical and chemical
characterization of biochars derived from different agricultural residues," Biogeosciences, vol. 11, no.
23, pp. 6613-6621, 2014.

[19]T. H. Nguyen, T. H. Pham, T. H. T. Nguyen, T. N. Nguyen, M. V. Nguyen, T. T. Dinh, M. P. Nguyen,
T. Q. Do, T. Phuong, T. T. Hoang, T. T. M. Hung, and T. V. H. Tran, "Synthesis of iron-modified
biochar derived from rice straw and its application to arsenic removal," Journal of Chemistry, vol.
2019, 2019, Art. no. 5295610, doi: 10.1155/2019/5295610.

[20]N. T. Nham, T. M. A. Tahtamouni, T. D. Nguyen, T. H. Pham, K. Jitae, M. V. Nguyen, V. N. Nguyen,
M. P. Nguyen, and T. H. A. Nguyen, "Synthesis of iron modified rice straw biochar toward arsenic
from groundwater," Materials Research Express, vol. 6, no. 11, 2019, Art. no. 115528, doi:
10.1088/2053-1591/ab4b98.

[21]E. Agrafioti, D. Kalderis, and E. Diamadopoulos, "Arsenic and chromium removal from water using
biochars derived from rice husk, organic solid wastes and sewage sludge,” J. Environ. Manage., vol.
133, pp. 309-314, 2014, doi: 10.1016/j.jenvman.2013.12.007.

[22]A. Khalil, N. Sergeevich, and V. Borisova, "Removal of ammonium from fish farms by biochar
obtained from rice straw: Isotherm and Kkinetic studies for ammonium adsorption,” Adsorption Science
& Technology, vol. 36, no. 5-6, pp. 1294-1309, 2018.

[23]A. O. Oladipo, T. T. I. Nkambule, B. B. Mamba, and T. A. M. Msagati, "The stimuli-responsive
properties of doxorubicin adsorbed onto bimetallic Au@Pd nanodendrites and its potential application
as drug delivery platform,” Materials Science and Engineering: C, vol. 110, 2020, Art. no. 110696,
doi: 10.1016/j.msec.2020.110696.

http://jst.tnu.edu.vn 174 Email: jst@tnu.edu.vn



